DNA alkylation and repair in the large bowel: animal and human studies.
O6-methylguanine (O6-MeG), a procarcinogenic DNA adduct that arises from exposure to methylating agents, has been detected in human colorectal DNA at levels comparable to those that cause adverse effects in model systems. O6-MeG levels vary within the colon, being higher in the cancer-prone regions of the large bowel. In rats and mice, O6-MeG persistence in colon DNA is associated with the induction of colon tumors after treatment with methylating agents. These tumors frequently contain K-ras GC-->AT transition mutations, which is consistent with the mutagenic properties of O6-MeG: such mutations are also commonly found in human colorectal cancers. O6-Alkylguanine adducts are removed by the DNA repair protein, O6-alkylguanine DNA-alkyltransferase (MGMT). MGMT overexpression in transgenic mice reduces the formation of K-ras GC-->AT mutations and tumors induced by methylating agents. Interindividual variations in human colon MGMT activity are large and large bowel tumors can occur in regions of low activity. Low MGMT activity in normal mucosa has been associated with the occurrence of K-ras GC-->AT mutations, whereas reduced MGMT expression and an increased frequency of K-ras GC-->AT mutations in colorectal cancers have been linked to MGMT promoter methylation. MGMT activity is also lower in adenomas than in adjacent normal tissue but only in those adenomas with this specific mutation. These results are entirely consistent with the hypothesis that GC-->AT mutations in the K-ras oncogene result from the formation and persistence of O6-alkylguanine lesions in colorectal DNA. Human exposure to endogenous or exogenous alkylating agents may thus be an environmental determinant of colorectal cancer risk.